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In gastrointestinal stromal tumors (GISTs), the occurrence of an epithelioid/mixed phenotype has been

correlated to PDGFRAmutations, gastric localization and favorable outcome. On the other hand, the prognostic

significance of an epithelioid/mixed growth pattern occasionally observed in GISTs with KIT mutation is

unclear. The aim of this study was to evaluate the prognostic significance of an epithelioid/mixed phenotype in

correlation to anatomical localization, genotype, and expression of cell-cycle markers in a series of 116 primary

GISTs with KIT mutation on a tissue microarray. Independent of their anatomical localization, the majority of

KIT-mutated GISTs displayed a pure spindled phenotype (72%), with the remaining tumors showing an

epithelioid/mixed growth pattern. In KIT-mutated GISTs from the stomach, the occurrence of an epithelioid/

mixed growth pattern was significantly correlated with larger tumor diameters (P¼ 0.005), higher mitotic counts

(P¼ 0.0001), high-risk category (P¼ 0.001), higher expression of the G2-phase cell-cycle marker cyclin B1

(P¼ 0.04), higher expression of the G1 to M-phase proliferation marker Ki67 (P¼ 0.02) and a significantly shorter

disease-free survival (P¼ 0.003) compared with tumors with pure spindled morphology. In contrast, there were

no significant differences between pure spindled and epithelioid/mixed GISTs from the small/large bowel. Our

findings indicate that the epithelioid/mixed phenotype in KIT-mutant gastric GISTs represents a secondary

tumor growth pattern associated with tumor progression and adverse outcome, probably through accelerated

G1/S-phase restriction point passage.
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Gastrointestinal stromal tumors (GISTs) represent
the most common mesenchymal gastrointestinal
neoplasms. In general, GISTs display pure spindled

(70%), pure epithelioid (20%) and mixed pheno-
types.1 However, this distribution varies greatly with
the anatomical site. In the largest series published
by the Armed Forces Institute of Pathology (AFIP),
the spindled, epithelioid and mixed phenotypes
comprised 43, 27 and 30% of gastric, and 86, 5 and
9% of small bowel GISTs, respectively.2,3

The majority of GISTs harbor oncogenic mutations
in KIT (70–80%)4 and, less commonly, in the
platelet-derived growth factor receptor alpha
(PDGFRA) (8–10%).5 The remainder are wild type
for both genes. The histological spindled subtype
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correlates with the presence of KIT mutations.6

On the other hand, the majority of PDGFRA-mutated
GISTs display epithelioid or mixed (predominantly
epithelioid) phenotypes.7,8 Intriguingly, data on
the correlation of the histological subtype with
the clinical outcome have been inconsistent. The
presence of an epithelioid/mixed morphology/
component in GISTs was associated with malignant
behavior in GISTs in several studies.6,9–12 On the
other hand, PDGFRA-mutated epithelioid GISTs
frequently exhibit a less aggressive behavior.7,8,13–15

Recently, we identified a morphological shift
from spindled to epithelioid phenotype in GISTs
that were composed of well-circumscribed spindled
and epithelioid components.16 The epithelioid
component displayed unfavorable histological
features (higher cellularity, higher mitotic activity
and higher Ki67 index), and was associated
with more aggressive clinical course. In that study,
secondary epithelioid components revealed a
higher degree of chromosomal instability, associated
with additional, secondary chromosomal copy
number changes. In the current study, our aim was
to analyze the prognostic significance of histo-
morphological phenotypes (pure spindled, pure
epithelioid, mixed) in a series of 116 primary
surgically resected, imatinib-naive GISTs with KIT
mutation on a tissue microarray. PDGFRA mutants
and wild-type GISTs were not included in this
study. Furthermore, we analyzed the expression
of cell-cycle proteins from different phases of the
cell cycle.

Materials and methods

Tumor Samples

This study was performed on formalin-fixed
and paraffin-embedded tissue samples from GISTs
with KIT mutations. The cases have been retrieved
from a consecutive series of 198 surgically resected
primary GISTs originating from different sites
along the GI tract. Of the 198 tumors, the mutation
status was known in 156 cases; 116 (74%) had a
KIT mutation, 26 (17%) had a PDGFRA mutation
and 14 (9%) were wild type for both genes. All 116
primary GISTs with a KIT mutation irrespective
of tumor site were used for this study. PDGFRA
mutants, wild-type GISTs and tumors with un-
known mutation status were excluded from further
analysis. Mitoses were counted in 50 high power
fields, corresponding to a total area of 11.9mm2.
Risk of clinically aggressive behavior was evaluated
based on tumor size and mitotic activity according
to the National Institute of Health (NIH) consensus
criteria published in 2002,1 and the malignant
potential was estimated according to the updated
AFIP criteria published in 2006.6 The study
has been approved by the review boards of our
institutions.

Mutation Analysis of KIT

Mutation analysis of KIT exons 9, 11, 13 and 17, and
of PDGFRA exons 12, 14 and 18 was performed
using direct sequencing of PCR products as pre-
viously described.17

Evaluation of Histomorphological Growth Pattern
and Immunohistochemistry

Tissue microarrays were constructed from paraffin-
embedded tumor blocks using a semiautomated
manual tissue arrayer (Alphametrix GmbH, Rodgau,
Germany). For each of the tumor samples, four to six
tissue punches (mean: 4.8) with a diameter of 0.1 cm
from different tumor areas were analyzed. Histo-
morphological growth pattern was evaluated on H
and E stainings of the tissue microarrays by AA
without knowledge of the other clinicopathological
variables. The growth pattern was classified as
mixed (Figures 1a and d), pure epithelioid (Figures
1b and e) or pure spindled (Figures 1c and f).
Tumors that showed a pure pattern on the tissue
microarray cores (either epithelioid or spindled)
were reevaluated using conventional slides to look
for missed components. A comparison of the histo-
morphological classification on the tissue micro-
arrays with the histomorphological classification on
larger sections revealed a high agreement. Only four
tumors (one from the stomach and three from the
small bowel) displayed a pure epithelioid growth
pattern on the tissue microarray cores. In each of
these four cases, a careful evaluation of conven-
tional slides revealed spindled areas, which were
not represented on the tissue microarray cores (all
the four tumors were large lesions measuring
4–12 cm). In contrast, none of the tumors with pure
spindled growth pattern on the tissue microarray
cores showed epithelioid growth pattern on the
conventional slides. Immunohistochemistry was
performed using standard procedures on the tissue
microarrays. The following primary antibodies and
conditions were used: anti-E2F1 (1:200 dilution, pH
6.1, clone KH95; Dianova, Hamburg, Germany), anti-
Ki67-antigen (1:50 dilution, pH 6.1, clone Mib1;
DakoCytomation, Hamburg, Germany), anti-cyclin
D1 (1:100 dilution, pH 6.1, SP4; NeoMarkers, Medac
GmbH, Wedel, Germany) and anti-cyclin B1 (1:100
dilution, pH 9.0, clone Y106; BioMol, Hamburg,
Germany). Before incubation with the primary anti-
body, the slides underwent heat treatment for
antigen retrieval (15min at 951C in 0.1mol sodium
citrate buffer pH 6.1 or pH 9.0). The DakoChemMate
Kit was used for detection of the primary antibodies
(DakoCytomation), with hemalaun as counter stain-
ing. From each tissue punch, a digital photo was
taken, and a self-written computer program was
used to count positively stained nuclei and also the
counterstained nuclei.18 This approach enabled a
quantitative analysis of the percentage of tumor cells
with nuclear expression of the analyzed protein.
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Statistics

Descriptive statistics, tests and graphs were per-
formed with Statistica 6.0 (StatSoft, Hamburg,
Germany). Associations between the clinicopatho-
logical and the molecular genetic parameters were
evaluated using the Wilcoxon test, or the Fisher test
in the case of categorical variables. Disease-free
survival rates were plotted by the Kaplan–Meier
method, and associations of patient and tumor
parameters with disease-free survival times were
assessed with the log-rank test.

Results

Clinicopathological Parameters

This study comprises a series of 116 surgically
resected primary GISTs with KIT mutation. In all,
65 (56%) GISTs were from the stomach, 38 (33%)
from the small bowel, 10 (8%) from the large bowel (8
rectum) and 3 (3%) from the mesentery/omentum.
All tumors had been completely resected (R0). None
had received imatinib therapy before surgery. Follow-
up was available for 83 patients. Of these, 28 patients
(34%) had tumor progress (tumor recurrence, liver
metastasis or peritoneal metastasis) at a mean of 17
(±21, range 0–84) months, whereas the remainder 55
patients (66%) had no tumor progress after a mean
follow-up of 46 (±37, range 0–156) months.

Comparison of Histomorphology with Clinicopathological
Variables and Expression of Cell-Cycle Markers

None of the 116 GIST KIT mutants in this
study showed a pure epithelioid phenotype. The

epithelioid cytomorphology in tumors with epithe-
lioid/mixed phenotypes frequently revealed a high
nuclear–cytoplasmic ratio and a high degree of
nuclear atypia. Most commonly, these tumors dis-
played a monotonous hypercellular round cell
morphology with generally scanty cytoplasm and
indistinct cell borders consistent with the hypercel-
lular and sarcomatous epithelioid subtypes de-
scribed by Miettinen et al2 for gastric GISTs.

Overall, the pure spindled phenotype occurred
significantly more often compared with the epithe-
lioid/mixed morphology (72 vs 28%, respectively).
The distribution of spindled vs epithelioid/mixed
phenotypes showed similar frequencies in tumors
from different anatomical localizations (72 vs 28%
for stomach, 74 vs 26% for small bowel, 70 vs
30% for large bowel and 67 vs 33% for mesentery/
omentum; Table 1). Irrespective of the anatomical
localization of the tumors, GISTs with an epithe-
lioid/mixed morphology were significantly larger
(P¼ 0.008; Table 2), and had significantly higher

Figure 1 Examples of mixed (a and d), epithelioid (b and e) and spindled (c and f) growth patterns in KIT-mutated GISTs from stomach
(a–c) and small bowel (d–f). a: H & E �200; b–f: H & E � 400.

Table 1 Comparison of the anatomical localization in 116
primary GISTs with KIT mutation and pure spindled vs
epithelioid/mixed morphology

Spindled,
n (%)

Epithelioid/
mixed, n (%)

Stomach (n¼ 65) 47 (72) 18 (28)
Small bowel (n¼38) 28 (74) 10 (26)
Large bowel (n¼ 10) 7 (70) 3 (30)
Mesentery/omentum (n¼3) 2 (67) 1 (33)
Total 84 (72) 32 (28)

Abbreviation: GISTs, gastrointestinal stromal tumors.
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mitotic counts (P¼ 0.0002) compared with GISTs
with a pure spindled morphology. Epithelioid/
mixed GISTs were significantly more often of the
high-risk categories according to Fletcher et al
(P¼ 0.001) and Miettinen and Lasota (P¼ 0.001).1,6

While there was no significant difference in the
expression of G1-phase cyclin D1 or the G1/S-phase
transcription factor E2F1, the epithelioid/mixed
GISTs had a significantly higher expression of the
G2-phase cyclin B1 (P¼ 0.04), and also of the G1- to
M-phase proliferation marker Ki67 (P¼ 0.005).

To evaluate whether there was a site-dependent
difference, we analyzed KIT-mutated GISTs from the
stomach and from the small and large bowel
separately. The three tumors from omentum/mesen-
tery were not further analyzed according to the
small number of cases. In the group of gastric GISTs,
tumors with epithelioid/mixed growth pattern
remained significantly larger (P¼ 0.005; Table 2;
Figure 2a) and had higher mitotic counts
(P¼ 0.0001; Figure 2b) compared with tumors with
pure spindled morphology. Epithelioid/mixed
GISTs from the stomach were significantly more
often of the high-risk categories according to
Fletcher et al (P¼ 0.001; Figure 3a) and Miettienen

and Lasota (P¼ 0.001).1,6 Regarding the expression
of cell-cycle proteins, there was no significant
difference in the expression of the G1-phase cyclin
D1 (P¼ 0.07; Figure 2c) or the G1/S-phase transcrip-
tion factor E2F1 (P¼ 0.6; Figure 2d). On the other
hand, there was a significantly higher expression
of the G2-phase cyclin B1 (P¼ 0.04; Figure 2e) and
of the G1- to M-phase proliferation marker Ki67
(P¼ 0.02; Figure 2f) in gastric GISTs with KIT
mutation and epithelioid/mixed morphology. Re-
garding tumors located in the small/large bowel,
there was no significant difference between pure
spindled and epithelioid/mixed-type GISTs for any
of the tested clinicopathological parameters or cell-
cycle markers (P40.05; Table 2; Figures 2a and f;
Figure 3b).

Follow-Up

GISTs with epithelioid/mixed histomorphology had
a significantly shorter disease-free survival com-
pared with GISTs with pure spindled histology
(P¼ 0.02). A detailed evaluation according to
anatomical localization revealed that in gastric

Table 2 Comparison of tumor size, mitotic count and expression of cell-cycle markers in 116 primary GISTs with KITmutation and pure
spindled vs epithelioid/mixed morphology

Spindled Epithelioid/mixed P-value

All GISTs (n¼ 116)
Size (cm) 6.3 (±5.0) 9.2 (±6.1) 0.008
Mitotic count (per 50 HPFs) 11.8 (±22.4) 29.6 (±31.6) 0.0002
High risk1 22/82 (27%) 24/31 (77%) 0.001
High risk6 21/82 (26%) 22/31 (71%) 0.001
Expression of cell-cycle proteins
G1-phase cyclin D1 (%) 5.2 (±8.9) 5.6 (±7.7) 0.2
G1/S-phase E2F1 (%) 3.5 (±3.7) 4.8 (±4.7) 0.1
G2-phase cyclin B1 (%) 4.3 (±5.3) 8.2 (±8.7) 0.04
G1- to M-phase Ki67 (%) 1.6 (±2.3) 3.9 (±4.0) 0.005

GISTs from the stomach (n¼65)
Size (cm) 5.8 (±4.9) 9.2 (±5.6) 0.005
Mitotic count (per 50 HPFs) 5.6 (±14.2) 33 (±32.2) 0.0001
High risk1 6/47 (13%) 14/18 (78%) 0.001
High risk6 4/47 (9%) 12/18 (67%) 0.001
Expression of cell-cycle proteins
G1-phase cyclin D1 (%) 6.1 (±9.7) 7.4 (±7.5) 0.07
G1/S-phase E2F1 (%) 5.0 (±4.2) 6.0 (±4.9) 0.6
G2-phase cyclin B1 (%) 2.0 (±2.5) 5.6 (±5.3) 0.04
G1- to M-phase Ki67 (%) 1.2 (±1.3) 3.9 (±3.9) 0.02

GISTs from the small/large bowel (n¼48)
Size (cm) 6.6 (±5.0) 7.8 (±5.0) 0.5
Mitotic count (per 50 HPFs) 17.8 (±26.9) 26.2 (±32.9) 0.2
High risk1 17/35 (49%) 10/13 (77%) 0.08
High risk6 17/35 (49%) 10/13 (77%) 0.08
Expression of cell-cycle proteins
G1-phase cyclin D1 (%) 4.4 (±8.3) 4.0 (±7.9) 0.7
G1/S-phase E2F1 (%) 1.8 (±2.0) 3.4 (±4.3) 0.2
G2-phase cyclin B1 (%) 6.6 (±6.4) 11.2 (±11.1) 0.2
G1- to M-phase Ki67 (%) 2.0 (±3.0) 3.8 (±4.6) 0.1

Abbreviations: GISTs, gastrointestinal stromal tumors; HPFs, high power fields.
Given are mean±s.d.
Significant differences (Po0.05) are indicated in bold.
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GISTs with KIT mutation, an epithelioid/mixed
histomorphology was significantly associated with
shorter disease-free survival (P¼ 0.003; Figure 4a),
whereas among GISTs from small/large bowel, there
was no statistically significant difference between
spindled and epithelioid/mixed GISTs (P¼ 0.3;
Figure 4b).

Discussion

In the current study, we evaluated the prognostic
impact of the histomorphological growth pattern in
a cohort of 116 primary GISTs with KIT mutation on
a tissue microarray. Irrespective of the anatomical
localization, GISTs with KIT mutation displayed the
pure spindled growth pattern in a significantly
higher proportion (72%) compared with the epithe-
lioid/mixed growth pattern (28%). Notably, none of
the 116 GIST mutants in this study showed a pure
epithelioid phenotype. KIT-mutated GISTs with
epithelioid/mixed phenotype were of significantly

larger diameters and had significantly higher mitotic
counts compared with their pure spindled counter-
parts, and were frequently of the hypercellular
and sarcomatous epithelioid subtypes defined by
Miettinen et al2 for gastric GISTs. The latter
epithelioid subtypes were found to follow a more
aggressive course than the sclerosing and dyscohe-
sive epithelioid subtypes in the studies by Miettinen
et al.2,3 In the current study, gastric GISTs with KIT
mutation and epithelioid/mixed phenotypes were
significantly more often of the high-risk categories,
and had a significantly shorter disease-free survival
compared with their counterparts with pure
spindled phenotypes. Altogether, these observations
suggest that the spindled cytomorphology repre-
sents the basic (primary) growth pattern in
KIT-mutant GISTs, whereas the epithelioid cytomor-
phology represents a secondary growth pattern.
Consistent with this view, several recent studies
on minute early-stage incidental and microscopic
KIT-mutant GISTs have demonstrated a uniformly
spindled morphology.19–21

Figure 2 Site-dependent comparison of tumor size (a), mitotic counts (b), expression of the G1-phase cell-cycle marker cyclin D1
(c), expression of the G1/S-phase marker E2F1 (d), expression of the G2-phase marker cyclin B1 (e) and expression of the G1- to M-phase
proliferation marker Ki67 (f) in KIT-mutated GISTs with pure spindled vs epithelioid/mixed-type growth patterns. Significant differences
were observed only in gastric GISTs (*Po0.05), but not in small/large bowel GISTs. Epi./mix., epithelioid/mixed; sp., spindled. Shown
are box-plots with 0, 25, 50, 75 and 100% quartiles.
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We found a significantly higher expression of
the G2-phase cyclin B1 and of the G1- to M-phase
marker Ki67, but not of the G1-phase cyclin D1 or of
the G1/S-phase transcription factor E2F1, in the
epithelioid/mixed type GISTs. These observations
suggest that genetic events enabling an accelerated
progression through the late phases of the cell cycle
may be present in KIT-mutated GISTs with epithe-
lioid/mixed phenotype, whereas in GISTs with pure
spindled growth pattern, cell proliferation may
commonly be halted at the G1/S-phase restriction
point. Alterations of the G1/S-phase transition
inhibitor p16INK4A, which are frequently observed
in high-risk/malignant GISTs, may contribute to this
difference.22,23 These findings are in line with our
previous observation that the presence of epithe-
lioid/mixed components in GISTs with biphasic

pattern was associated with higher mitotic activity,
higher expression of Ki67 and higher number of
chromosomal copy number changes compared
with the spindled component in the same tumor.16

In that study, our observations suggested a clonal
progression through sequential chromosomal
alterations, with a shift in the histomorphological
growth pattern from spindled to epithelioid/mixed
phenotype.16

Interestingly, the differences in tumor diameter,
mitotic counts, expression of cell-cycle proteins and
disease-free survival between KIT-mutated GISTs
with pure spindled vs epithelioid/mixed pheno-
types were only observed in gastric GISTs, whereas
there were no significant differences comparing
tumors with different growth patterns from
the small and large bowel. These site-dependant

Figure 3 KIT-mutated GISTs with epithelioid/mixed-type growth
pattern (black boxes) were significantly more often of the high-
risk category according to Fletcher et al1 compared with the pure
spindled GISTs (gray boxes) in the stomach (a), but not in the
small/large bowel (b). Epi./mix., epithelioid/mixed; interm.,
intermediate; sp., spindled.

Figure 4 Significantly shorter disease-free survival in KIT-
mutated GISTs with epithelioid/mixed-type growth pattern
compared with pure spindled GISTs only in GISTs from the
stomach (a), but not in GISTs from small/large bowel (b). DFS,
disease-free survival; epi./mix., epithelioid/mixed; sp., spindled.
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differences in tumor behavior highlight the biologi-
cal heterogeneity in GISTs from different anatomical
localizations along the GI tract. On the other hand,
the predominance of the epithelioid/mixed pheno-
types in PDGFRA-mutant GISTs demonstrated in
several previous studies7,8,13–15 suggests a primary
commitment of this subset of GISTs toward an
epithelioid phenotype. This view is supported by
the generally favorable clinical course of PDGFRA-
mutated GISTs, which contrasts with our findings in
epithelioid/mixed KIT-mutant GISTs. These appar-
ently discrepant results with regard to the prognos-
tic significance of the epithelioid/mixed phenotype
in gastric GISTs are consistent with the view that
these two groups of neoplasms (KIT- and PDGFRA-
mutant GISTs) probably represent two distinct
clinicopathological and molecular genetic disease
entities.

In summary, our study demonstrated that the
observation of an epithelioid/mixed phenotype in
gastric GISTs with KIT mutation is an unfavorable
prognostic parameter, and that the prognostic sig-
nificance of the epithelioid/mixed phenotype in
GISTs has to be interpreted in the context of the
genotype and anatomical site of the tumor. The
adverse prognostic value of the epithelioid/mixed
phenotype in KIT-mutated GISTs needs to be
independently validated in larger future studies.
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